Relationship among calmodulin-, forskolin-, and guanine nucleotide-dependent adenylate cyclase activities in cerebellar membranes: studies by limited proteolysis.
Adenylate cyclase activity in bovine cerebellar membranes is regulated by calmodulin, forskolin, and both stimulatory (Ns) and inhibitory (Ni) guanine nucleotide-binding components. The susceptibility of the enzyme to chymotrypsin proteolysis was used as a probe of structure-function relationships for these different regulatory pathways. Pretreatment of membranes with low concentrations of chymotrypsin (1-2 micrograms/ml) caused a three- to fourfold increase in basal adenylate cyclase activity and abolished the Ca2+-dependent activation of the enzyme by calmodulin. In contrast, the stimulation of the enzyme by GTP plus isoproterenol was strongly potentiated after protease treatment, an effect that mimics the synergistic activation of adenylate cyclase by Ns and calmodulin in unproteolyzed membranes. Limited proteolysis revealed low- and high-affinity components in the activation of adenylate cyclase by forskolin. The low-affinity component was readily lost on proteolysis, together with calmodulin stimulation of the enzyme. The activation via the high-affinity component was resistant to proteolysis and nonadditive with the Ns-mediated activation of the enzyme, suggesting that both effectors utilize a common pathway. The inhibitory effect of low concentrations (10(-7) M) of guanyl-5'-yl imidodiphosphate [Gpp(NH)p] on forskolin-activated adenylate cyclase was retained after limited proteolysis of the membranes, indicating that the proteolytic activation does not result from an impairment of the Ni subunit. Moreover, in the rat cerebellum, proteolysis as well as calmodulin was found to enhance strongly the inhibitory effect of Gpp(NH)p on basal adenylate cyclase activity. Our results suggest that calmodulin and Ns/Ni interact with two structurally distinct but allosterically linked domains of the enzyme. Both domains appear to be involved in the mode of action of forskolin.